Fatty acid-binding proteins (FABPs) are members of lipid-binding proteins that participate in lipid uptake and intracellular transport. This study was designed to investigate the effects of the liver bile acid-binding protein (L-BABP) and the liver fatty acid binding protein (L-FABP) genes on chicken growth and body composition traits. Three SNPs (SNP1, SNP2 and SNP3) of the L-BABP and six SNPs (SNP7-SNP9, SNP11-SNP13) of the L-FABP were detected firstly by DNA sequencing. Seven SNPs (SNP6 and SNP15-SNP20) of the L-FABP were detected by DNA sequencing and were found in the chicken genomic databases at the same time. Sequenom MassARRAY was developed to genotype 966 birds from the Northeast Agricultural University F 2 (NEAUF 2 ) resource population and the Northeast Agricultural University broiler lines divergently selected for abdominal fat content (NEAUHLF) population. Linkage disequilibrium analysis showed that the L-BABP SNPs appeared to be strongly linked with each other and were located within a haplotype block in both populations. SNP7 and SNP8, SNP12 and SNP13, SNP19 and SNP20 of the L-FABP were in strong linkage disequilibrium, respectively. The L-BABP polymorphisms were significantly associated with body weight (BW) (P＜0.05) in the NEAUF 2 and the NEAUHLF populations and abdominal fat weight (AFW) and abdominal fat percentage (AFP) (P＜0.05) in the NEAUHLF population. The L-BABP diplotypes were significantly associated with BW (P＜0.05) in the NEAUF 2 and the NEAUHLF populations. There was no consistent association between the thirteen SNPs of the L-FABP and the growth and body composition traits in either the NEAUF 2 or the NEAUHLF populations. The research suggests that the L-BABP could be a candidate locus to affect growth traits in chickens.
Introduction
Fatty acid-binding proteins (FABPs) belong to a superfamily of lipid-binding proteins present intracellularly in invertebrates and vertebrates. A novel FABP cDNA, termed FABP12, has been cloned from rodents and humans, while at least twelve members of the FABP family have been identified (Liu et al., 2008) . These members all share similar functions and distinct structures (Liu et al., 2008) . The proposed functions for FABPs include the intracellular fatty acid transportation from plasma membranes to the sites of β oxidation or triacylglycerol of phospholipid synthesis (Veekamp and Maatma,1995) , interaction with other transport proteins, regulation of gene transcription, growth and differentiation, signal transduction and cellular protection (Zimmerman and Veekamp, 2002) . The members of the fatty acid-binding proteins (FABPs) of vertebrates are identified by four exons, separated by three introns; the exon/intron position is similar, but the length of the intron varies among the genes (Hertzel and Bernlohr, 2000; Zimmerman and Veerkamp, 2002; Storch and Corsico, 2008) . The FABPs, encoded by members of a multigene family, binding long-chain fatty acids, are often named due to the tissue in which they were first identified in mammals (Schaap et al., 2002; Chmurzyńska, 2006; Storch and Corsico, 2008) .
In avian species, lipogenesis takes place primarily in the liver, accounting for 95% of the de novo FA synthesis, and there is a general assumption that almost all the fat that accumulates in broiler adipose tissue is synthesized in the liver (Griffin et al., 1992) . Two types of intracellular lipidbinding proteins are abundant in the avian liver, the liver bile acid-binding protein (L-BABP), formerly called the liver "basic" fatty acid-binding protein (Lb-FABP) and the liver fatty acid binding protein (L-FABP) (Murai et al., 2009) . L-BABP is isolated from chicken liver and expressed only in liver (Ceciliam et al., 1994; Murai et al., 2009) . Hughes et al. (2011) proposed that L-BABP should be designated FABP10, because it clusters with zebrafish FABP10 in their phylogenetic analysis. Recent studies have demonstrated that L-BABP has a higher affinity binding to bile acids than binding to long-chain fatty acids, which are able to bind two molecules of bile acids (Guariento et al., 2008) , and its amino acid sequence reveals similarity to proteins of the ileal bile acid-binding protein family (Nichesola et al., 2004) . Liver FABP (L-FABP), also named FABP1, is expressed in liver and intestine (Murai et al., 2009) , which can bind two molecules of long-chain fatty acids (Thompson et al., 1997) . L-FABP is a member of intracellular lipid-binding proteins involved in the different metabolic pathways of fatty acids (Storch and Corsico, 2008) , participating in the transportation of fatty acids and synthesis of lipoproteins (Newberry et al., 2003; Spann et al., 2006; He et al., 2011) .
The objective of the current study was designed to detect polymorphisms of the chicken L-BABP and L-FABP by DNA sequencing and Sequenom MassARRAY, to analyze linkage disequilibrium among the SNPs identified within the L-BABP and the L-FABP, and to evaluate the associations between these SNPs, the diplotypes and the growth and body composition traits.
Matrrials and Methods

Animal Source and Phenotyping
Two populations, Northeast Agricultural University F2 (NEAUF2) resource population and Northeast Agricultural University broiler lines divergently selected for abdominal fat content (NEAUHLF) population, were used in the current study. The NEAUF 2 was established by crossing broiler sires with Baier layer dams, a China local breed. The F1 birds were intercrossed to produce F2 offspring (Wang et al., 2006a) . A total of 356 F2 individuals were produced from four F1 families for the study. The NEAUHLF population has been selected since 1996 using abdominal fat percentage (AFP) and plasma very low-density lipoprotein (VLDL) concentration as selection criteria. (Guo et al., 2011) . A total of 610 male chickens from the 14th generation of the NEAUHLF population were used in this study. All birds were kept in the same environmental conditions and had free access to feed and water. Commercial corn-soybean-based diets that met all the NRC requirements were fed to the birds. From hatching to 3 wks, the birds received a starter feed (210 g/kg of CP and 3, 000 kcal of ME/kg), and from 4 wks to slaughter, they were fed with a grower diet (190 g/kg of CP and 3,100 kcal of ME/kg). All animal work was conducted according to the guidelines for the care and use of experimental animals established by the Ministry of Science and Technology of the People's Republic of China (Approval number: 2006-398) , and was approved by the Laboratory Animal Management Committee of Northeast Agricultural University.
BW was measured at hatching, then weekly until 12 wks of age for the NEAUF 2 population and at hatching, then weekly until 7 wks of age for the NEAUHLF population. After slaughter, the body composition traits of the birds from the two populations were recorded. These measurements included the weight of the body, the carcass, the abdominal fat, the heart, the liver, the gizzard and the proventriculus. All the traits were also adjusted as a percentage of BW at 12 (the NEAUF 2 ) or at 7 (the NEAUHLF) wks of age.
DNA and RNA Extraction and cDNA Synthesis
The genomic DNA from the 966 samples was isolated using a standard process (Sambrook and Russell, 2002 ) from 10% anticoagulant (2% Na 2 -EDTA, 1. 6% NaCl, pH 8.0) treated blood samples and stored at −20℃.
Total RNA was isolated from two fat line birds and two lean line birds of the 14 th generation population of the NEAUHLF and two Baier birds (a Chinese local breed) at 7 wks of age. Liver tissue samples, frozen in liquid nitrogen, were pulverized with a mortar and pestle. According to the instructions of the manufacturer, Trizol reagent (Invitrogen, Rockville, MD, USA) was used during the RNA extraction, and the RNA was resuspended in diethyl pyrocarbonatetreated water. The reverse transcription reactions were completed using the TaKaRa RNA PCR Kit Ver. 2.1 (TaKaRa Biotechnology Co., Ltd., Dalian, China).
Detection of Polymorphisms of the Chicken L-BABP and L-FABP
According to the data from GeneBank accession numbers of L-BABP (AF380998) and L-FABP (AF380999) of the chicken and the chicken genome sequencing (www.genome. ucsc. edu), six primer pairs were designed to amplify the proximal 5'UTR, coding region, intron 1, intron 2, intron 3 and 3'UTR of L-BABP, and named LBP1, LBP2, LBP3, LBP4, LBP5 and LBP6, respectively (Table 1) ; two primer pairs to amplify the proximal 5'UTR and the coding region of the L-FABP, were designed and named LFP1 and LFP2, respectively ( Table 1 ). The genomic DNAs or cDNA of the six birds, two from the fat line, two from the lean line and two from the Baier, were used as the template (Table 1) . The PCR products were purified and sequenced in forward and reverse directions using ABI 3730 sequencer (BioAsia Biotechnology Co., Ltd., Shanghai, China). The mutations in these sequences were screened using the DNAMAN package Version 4.0 (Lynnon BioSoft, Vaudreuil-Dorion, Quebec, Canada).
Genotyping of the Chicken L-BABP and L-FABP
Sequenom MassARRAY (Bioyong Technologies Inc, Beijing, China) had been applied to the genotyping of the chicken L-BABP and L-FABP. The 966 PCR reactions were prepared using a multiplexed PCR cocktail, but without DNA Zhao et al.: SNPs of the Two Genes in Chicken (same multiplexed, different DNA). For each reaction, 1 μL of the appropriate genomic DNA (5-10 ng/μL) and 4 μL of the PCR cocktail were added into each well of 384-well microtiter plates (Marsh Biomedical Products, Inc. #SP 0401 Sequen). The microtiter plate was centrifuged at 1,000 RPM for 1 min. Thermocycling of the microtiter plates was performed as follows: 94℃ for 4 min, 45 cycles at 94℃ for 20 s, 56℃ for 30 s, 72℃ for 1 min and an extension at 72℃ for 3 min. For each well, 2 μL of SAP enzyme solution was added and the plate was sealed with plate sealing film. The plate was incubated as follows: 37℃ for 40 min and 85℃ for 5 min. After the incubation step, 2 μL of the High Plex iPLEX Gold reaction cocktail was added into the 384-well sample microtiter plate, which was again sealed with plate sealing film. Thermocycling of the microtiter plate was performed as follows: 94℃ for 30 s, 40 cycles at 94℃ for 5 s, 52℃ for 5 s and extension at 72℃ for 3 min. Finally, water and Clean Resin was added to the sample microtiter plate to clean up the High Plex iPLEX Gold Reaction Products. The SNP genotyping was analyzed using the Mass-ARRAY Compact System.
Statistical Analysis
The linkage disequilibrium (LD) of the SNPs was analyzed using Haploview software (version 4.2). The SNPs with MAF＜0.05 were filtered. Two normalized measures, D' and r 2 , were used to characterize LD patterns within the studied candidate gene. Pair-wise D' and r 2 values were computed (Lewontin, 1964; Devlin and Rish, 1995) .
The haplotype analyses were conducted in SAS/ GENETICS using the PROC HAPLOTYPE procedure. This procedure uses the Expectation Maximization (EM) algorithm to generate the maximum likelihood estimates of the haplotype frequencies.
According to the characteristic of the NEAUF 2 and the NEAUHLF populations, models used to analyze the data were assumed to be:
Y is the character observed value; μ is the population mean; genotype (G), line (L), sex (S) and hatch (H) were the fixed effects; G*L, G*H and G*S were the interaction effects of G by L, G by H and G by S, respectively; family (F), family nested within line F (L), dam nested within family D (F) and dam nested within the line and family D (F, L) were the random effects; BW at 7 wks (BW7) and BW at 12 wks (BW12) were the covariance variables (except for the BW traits and the percentage traits) and e was the random error. Model 1 was applied to the NEAUF 2 population; model 2 was applied to the NEAUHLF population. Data were subjected to the GLM procedures of JMP4.0, which was used to examine the correlation between genotypes and diplotypes and traits and to evaluate the least square means. Statistical significance was accepted at P＜0.05, unless otherwise specified.
Results
Identification and Nomenclature of SNPs
Three SNPs (SNP1, SNP2 and SNP3) in the proximal 5' UTR of L-BABP and five SNPs (SNP7, SNP8, SNP9, ucsc.edu) and the SNPs detected in the current study, five SNPs (SNP1-SNP5) and fifteen SNPs (SNP6-SNP20) in the L-BABP and L-FABP, respectively, were selected for genotyping. The polymorphisms of SNP4, SNP5, SNP10, SNP11 and SNP14 were not detected in the NEAUF 2 population; the polymorphisms of SNP4, SNP5, SNP10, SNP14 and SNP15 were not detected in the NEAUHLF population. The nomenclature and the distribution of the twenty SNPs are shown in Table 2 .
Frequency of Genotypes and Alleles
The frequencies of the genotypes and alleles of the fifteen SNPs of the L-BABP and the L-FABP in the NEAUF 2 and NEAUHLF populations are shown in Tables 3 and 4 . The χ2 test results showed that there was a significant difference (P ＜0.05) in the allele frequency of the SNP1 and the SNP2 of the L-BABP between the lean and the fat lines; there was a very significant difference (P＜0.01) in the allele frequency of the thirteen SNPs except for SNP16 of the L-FABP between the lean and the fat lines. Allele A of SNP6, allele T of SNP9, allele A of SNP11, allele C of SNP12 and allele C of SNP13 of the L-FABP were not identified in the fat line chickens. Allele C of SNP17 of the L-FABP was not identified in the lean line chickens. Allele A of SNP7, allele C of SNP8, allele T of SNP19 and allele C of SNP20 of L-FABP were rare in the fat line chickens.
Linkage Disequilibrium (LD) Analysis of the L-BABP and the L-FABP
In the NEAUF 2 population, Lewontin's D' (|D'|) and r 2 of SNP1 and SNP2, SNP1 and SNP3, SNP2 and SNP3 of the L-BABP were 1.0, 0.933; 1.0, 0.588 and 1.0, 0.588, respectively. In the NEAUHLF population, Lewontin's D' (|D'|) and r 2 of SNP1 and SNP2, SNP1 and SNP3, SNP2 and SNP3 of the L-BABP were 1.0, 1.0; 1.0, 0.922 and 1.0, 0.922, respectively. LD analysis of the L-FABP revealed that different haplotype blocks appeared between the NEAUF 2 and the NEAUHLF populations (Figs 1 and 2 ). In the NEAUF 2 population, SNP7, SNP8 and SNP9, SNP12 and SNP13, SNP17 and SNP18, SNP19 and SNP20 lay within a haplotype block; SNP6, SNP15 and SNP16 had lower linkage disequilibrium with others. In the fat line of NEAUHLF population, the polymorphisms of SNP6, SNP9, SNP11, SNP12 and SNP13 were not detected; SNP 7, 8, 16, 17, 18, 19 and SNP20 lay within a haplotype block. In the lean line of NEAUHLF population, the polymorphisms of SNP17 was not detected; SNP19 and SNP20 lay within a haplotype block; SNP6, 7, 8, 9, 11, 12, 13, 16 , and SNP18 lay within another haplotype block.
Association of the SNPs of the L-BABP and the L-FABP with Growth and Body Composition
Associations between L-BABP and L-FABP and growth and body compositions are shown in Tables 5 and 6 . There were significant associations (P＜0.05) between SNP1 and BW (BW0, BW6, BW9, BW10, and BW11), CW, PrW and %PrW, SNP2 and BW (BW0, BW6, BW9, BW10, BW11, and BW12), CW, PrW and %PrW, SNP3 and BW (BW3, BW6, BW7, BW8, BW9, BW10, BW11, and BW12) in the NEAUF 2 population. There was a significant association (P ＜0.05) between SNP1 and BW (BW3, and BW5), SNP2 and BW (BW3, and BW5) and AFP, SNP3 and BW3, AFW and AFP in the NEAUHLF population. Trait associations of the L-FABP with growth and body composition traits revealed that there was a significant association between SNP15 and BW (BW7, BW8, BW9, BW10, BW11, and BW12) in the NEAUF 2 population. There was a significant association (P ＜0.05) between SNP6 and PrW, SNP16 and GiWP in the NEAUHLF population.
The effect (least square means) of the L-BABP genotype on BW, AFW and AFP in the NEAUF 2 and the NEAUHLF populations are shown in Table 5 . In the NEAUF 2 population, the SNP1-GG birds had a significant lower BW at 6, 9, (P＜0 . 0001) 1 . 000 0 . 000 1 . 000 (291) 0 (0) 0 (0) 291 Fat 10, and 11 wks of age than the SNP1-GT and the SNP1-TT birds; SNP2-CC birds had a significantly lower BW at 6, 9, 10, 11, and 12 wks of age than the SNP2-CT or the SNP2-TT birds, or both; the SNP3-TT birds had a significantly lower BW at 3, 6, 7, 8, 9, 10, 11 , and 12 wks of age than the SNP3-CT or the SNP3-TT birds, or both. In the NEAUHLF population, the SNP1-GG and the SNP1-GT birds had a significantly lower BW at 3 and 5 wks of age than the SNP1-TT birds; the SNP2-CC or the SNP2-CT birds, or both, had a significantly lower BW at 3 and 5 wks of age and AFP than SNP2-TT birds; the SNP3-CT birds had a significantly lower BW at 3 wks of age than the SNP3-CT birds; the SNP3-TT birds had a significantly lower AFW than the SNP3-CT birds, the SNP3-CC and the SNP3-TT birds had a significantly lower AFP than the SNP3-CT birds.
Association of the L-BABP Diplotypse with Growth and Body Composition
Of the 2 3 (＝8) possible combinations of the three SNPs, only three haplotypes (GCC, GCT and TTC) of the L-BABP were found to exist in the NEAUF 2 and the NEAUHLF populations. All halotypes were found to be in conformance with the Hardy-Weinberg equilibrium. Six diplotypes were identified in the NEAUF 2 population and five diplotypes were identified in the NEAUHLF population (Table 7) . Data analysis between the diplotypes and growth and body composition by the GLM procedures of JMP4.0 showed that there was a significant effect (P＜0.05) between the BW and the diplotypes in both populations.
The effect (least square means) of the L-BABP diplotypes on BW in both populations are shown in Table 7 . In the NEAUF 2 population, the GCT/GCT birds had a significantly lower BW at 6, 7, 9, 10, 11, and 12 wks of age than the GCC/GCC, GCC/TTC, GCT/TTC and TTC/TTC birds. In the NEAUHLF population, the TTC/TTC birds had a significantly higher BW at 3 and 5 wks of age than the GCC/TTC, GCT/GCT and GCT/TTC birds.
Discussion
The candidate gene approach was powerful and effective in identifying the QTL responsible for the quantitative traits that are important in agricultural animal species (Rothschild and Soller, 1997; Kanehisa and Goto, 2000; Cogburn et al., 2003; Kuhn et al., 2008) . FABPs had been implicated in the regulation of growth and the development of fatness traits Zhao et al.: SNPs of the Two Genes in Chicken (McArthur et al., 1999) . When |D'| was higher than 0.8, or r 2 was higher than 0.33, two loci were considered in strong linkage disequilibrium (Ardlie et al., 2002; Guryev et al., 2006; Slatkin, 2008) . Hence, the results indicated that the three SNPs of the L-BABP were strongly linked with each other and were located within a haplotype block in both populations. In the current study, the L-BABP SNPs were shown to be associated (P＜0.05) with BW in the NEAUF 2 Journal of Poultry Science, 50 (4) and the NEAUHLF populations. SNP1-TT, SNP2-TT, and SNP3-CC birds had higher BW than SNP1-GG, SNP2-CC, and SNP3-TT (P＜0.05). It can be deduced that allele T of SNP1, allele T of SNP2 and allele C of SNP3 were related to higher BW and could be considered as beneficial alleles. Haplotypes, considered as specific combinations of nucleotides on the same chromosome, would provide more accurate information on the relationship between the DNA variation and phenotypes (Stephens et al., 2001; Grindflek et al., 2004 ). In the current study, the diplotypes of the L-BABP were shown to be associated with BW in both populations. This result was consistent with the association of the L-BABP SNPs with the BW trait. Therefore, L-BABP could be involved in affecting the growth of chickens. The detected SNPs of the L-BABP were located in 5' upstream region. The 5' upstream region was the primary component of gene expression regulation and played an important role in affecting the phenotypes of the traits (Liu et al., 2006) . We presumed that these SNPs could change expression of the L-BABP, which affected its function. There was a higher expression of the L-BABP in the liver tissue in a high-growth line than the low-growth line of chickens (Hughes and Piontkivska, 2011) , suggesting that high expression of L-BABP could increase the chickens' body weight. Furthermore, the crystal structure analysis confirmed the possibility that the chicken L-BABP was the transporter of bile-acid (Nichesola et al., 2004) , which acted very effectively to emulsify dietary fat (Kramer et al., 1998) . Consequently, the results suggested the SNPs of L-BABP may influence its expression and ultimate growth through changing its binding to bile acid. In addition, three SNPs detected in the chicken L-BABP were related (P＜0.05) with AFW and AFP in the 
